haplotypes and mimics signal of selection (Schrider & Kern, 2016) . This is especially 1 1 0 true when the bottleneck is recent and that recombination did not have enough time to 1 1 1 break haplotype blocks. While some GWSS are now able to incorporate bottlenecks 1 1 2 or expansions in their models (Schrider & Kern, 2016) , disentangling the effects of within-population GWSS with approaches that take into account the demographic 1 1 6 history of each population may therefore constitute the best way to identify genes 1 1 7
under different regimes of positive selection with high confidence. overlooked in genome scans, which remain strongly biased towards the detection of 1 3 0 recent positive selection (Hassl & Payseur, 2016) . It is now possible, however, to 1 3 1 model the coalescent process along chromosomes and to identify genomic regions 1 3 2 with unusually long times to the most recent common ancestor (TMRCA, Figure 1C ), In this study, we capitalize on the near base-perfect quality of the reference genome of 1 3 5 assembled into five chromosomes and has been exhaustively annotated (The habitats for which a large collection has been collected. It constitutes therefore a 1 4 6 unique and prime system to investigate the genetic basis of local adaptation in natural 1 4 7 grass populations, opening the way to further fundamental and applied research. two genetic groups rather than stricto sensu populations, accessions from Turkey and 1 7 4
Iraq will be referred to as the eastern population while accessions from Spain and 1 7 5
France will be referred to as the western population. The western population showed a lower level of nucleotide diversity (median π value 1 7 7 in east = 0.0021, median π value in west = 0.00186; Wilcoxon test; P-value < 2.2e-16, 1 7 8 Figure 2C ) than the eastern one. Excluding the reference accession Bd21, which has 1 7 9
been artificially inbred before sequencing, the level of heterozygosity in these 1 8 0
accessions ranges from 4 to 17.4% (Table S1 ) but median values (7.8 and 6.3 in the (LD) decays faster in the western population than in the eastern one (Figure 2 D). we first performed a GO annotation for the 32,712 genes annotated in the reference 1 8 8 genome. We then controlled for potential gene clustering by following the procedure 1 8 9 described in (Al-Shahrour et al., 2010) . Briefly, we split the genome into overlapping 1 9 0 windows of 50 consecutive genes and performed enrichment analyses on each 1 9 1 window. We identified 272 windows significantly enriched for at least one biological 1 9 2 process (Table S2) . Several windows were enriched for processes that may be 1 9 3 associated to adaptation to local environmental conditions such response to stress and 1 9 4 defense response (Table S2) .
9 5
A classical approach applied to analyze the results of GWSS consists in selecting 1 9 6 genomic regions containing top 1% outliers for signals of selection and then assessing 1 9 7 whether some biological functions or processes are significantly over-represented in 1 9 8 these regions through a Gene Ontology (GO) annotation. We anticipated that the non- displayed a significant enrichment for R-genes (P-value = 1.7e-06 and 1.3e-05 2 7 6 respectively). This was not the case for the high-confidence gene sets of the western 2 7 7 population (both P-value > 0.6). Genomic regions affected by positive selection
The regions common to diploS/HIC-Hscan contained slightly more genes in the 2 8 1 western than in the eastern population (Wilcoxon test, P-value=0.04; Figure 3A ), 2 8 5
We also tested whether distinct loci/genomic regions were affected by recent positive 2 8 6 selection in the two populations using linear models. While we found a significant indicates that positive selection mostly affects distinct loci across the two populations 2 9 1 (as depicted on Figure 3B ). Interestingly, we observed that some genomic regions 2 9 2 harbor higher density of genes under selection than the rest of the genome. Thus, 2 9 3 genes under positive selection appear to be non-randomly distributed along 2 9 4 chromosomes in the two populations ( Figure 3B ). Balancing selection can be detected with coalescence approaches, as ancient alleles are associated with older coalescence times (Charlesworth 2006) . We used the software ARGweaver to detect footprints of balancing selection, a method that has times to the most recent common ancestor (TMRCA, Figure 1C ), which should be 3 0 5
increased near ancient alleles such as those under ancient balancing selection. By 3 0 6
doing so, we identified 72 regions harboring 115 genes under what will be referred to 3 0 7
as long-term balancing selection in the following (Table S3 for a list). This gene set 3 0 8 harbors a significant enrichment for genes involved in phosphorylation (Table 1 ). Combining association mapping and analyses of selection constitutes a powerful 3 1 2 approach to identify candidate genes and to address their selective regime. We 3 1 3 identified many candidate regions harboring resistance genes. As a proof of concept, 3 1 4
we therefore aimed at assessing whether regions identified as resistance loci against 3 1 5 known pathogens were also highlighted in our selection scans. In B. distachyon, the and 4 (from nucleotide 9,649,152 to 10,679,750). For the rest of the study, these 3 2 1
regions will be referred to as QTL rust-2 , QTL rust-3 and QTL rust-4 .
2 2
We screened these three regions for evidence of selection and found signals of 3 2 3 positive selection in QTL rust-3 and QTL rust-4 . In QTL rust-3 , we found that one gene Bradi3g16320 may therefore be considered as a candidate for rust resistance. The two adjacent Rsb signals in QTL rust-4 reach their highest point into two R-genes 3 3 4 (Bradi4g10153: 9,807,879-9,812,927; and Bradi4g10171: 9,828,236-9,835,003; peak (estimated to be located at 9,806,000 kb) and both belong to the eastern Rsb- Bradi4g10171 constitute therefore further prime candidates for rust resistance. Congruent with the signal detected by the Rsb test, we observed extended haplotypes 3 4 0
in the eastern population in both QTL rust-3 and QTL rust-4 ( Figure 4B ). The large 3 4 1 majority of the eastern accessions display the extended haplotype in these regions,
indicating a nearly completed selective sweep, especially in QTL rust-4 ( Figure 4B ). gene clusters, as found in other regions of the genome (Table S2) , further 3 4 9
demonstrates the importance of narrowing down candidate regions under selection to 3 5 0 top outlier genes for unbiased GO annotation. Assessing the time and spatial scales at which selection acts is a key to understand has been largely restricted to crops, which biases our understanding of evolutionary 3 5 7
processes that have shaped genomes in their natural ancestors and extant relatives. In this study, we investigated the selective forces influencing adaptation in two Pollen-based studies show that vegetation expansion was fast, reaching up to 2km per 3 7 1
year for some species (Hewitt 1999 showed that the two populations analyzed here experienced population size reduction 3 7 5 during the last glaciation followed by a rapid expansion within the last 10,000 years we identified an old set of shared polymorphisms with a coalescence approach. selection remains yet to be investigated. Our results nevertheless suggest that 3 8 9
adaptation to climate after recolonization does not necessarily involve de novo 3 9 0 mutations, even after bottlenecks. to be larger in the western population than in the one of the eastern cluster despite shaping diversity in this species. Rather, we believe that we provide here genomic can therefore lead to positive selection that can be detected by tests focusing on , 2012; Couto & Zipfel, 2016; Eckardt, 2017) . In this study, we found a significant 4 3 7 enrichment of signals of selection at genes involved in this first level of defense in the 4 3 8 eastern population. More specifically, we found many of well-characterized R-genes, The significant enrichments for R-genes and for genes associated to the process of eastern population. As we incorporated the demographic history to our analyses, we 4 5 5
conclude that the bottlenecks experienced by both populations did not extensively 4 5 6
bias our results and did not interfere with our conclusions on the importance of host- the center of origin of many grasses, including B. distachyon, and of their associated higher diversity, it is therefore possible that a higher level of pathogen diversity drove Disentangling the mechanisms that promote or prevent adaptation requires more suggested in other species (Dodds & Thrall, 2009; Chavan et al., 2015) . On complex and consists of a cluster of resistance and stress signaling genes. genes that belong to the eastern high-confidence gene set co-localize with the peak of 4 9 2 the QTL. Such genes have been shown to confer resistance to rust in other species that B. distachyon could be used to investigate the tolerance to this stress. As genetic 5 0 7
transformation is highly efficient in this species relative to other grasses, we anticipate 5 0 8
that combining classical trait mapping analyses with GWSS will assist allele mining 5 0 9
for additional eco-responsive traits. displaying strong signs of selection in natural populations. We also found that recent studies showed that copy number variants (CNVs) and transposable element existence of large collections of freely available natural accessions collected from the 5 2 5 species native range, it also constitutes a prime system for studies in ecology, population genomics and evolutionary biology. We used paired-end Illumina sequencing data generated for 44 accessions of 5 3 4 B. distachyon (Gordon et al., 2017 ; Table S1 for information about the origin of the 5 3 5
accessions and sequencing effort) originating from Spain (N=16), France (N=1), removing SNPs with more than 10 missing genotypes or more than 2 alleles, a quality settings.
4 4
We then used the program Admixture (Alexander and Novembre 2009) to identify the The raw vcf file and the raw outputs of each GWWS will be archive upon acceptance There is no conflict of interest issue related to this work. The trained algorithm was applied on datasets simulated under a coalescent Wheat. Molecular Plant 7: 1740-1755. Brachypodium distachyon. physiologia plantarum 141: 19-29. 
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